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ABSTRACT 
Underwater wireless optical communication (UWOC) is attracting more 
research interest as a result of increased interaction of human with underwater world.  
UWOC technology is expected to play a prominent role in the study of marine 
biology, ocean environment, prediction of natural disasters, and discovery of natural 
resources, surveillance and monitoring of deep sea oil. All of this requires exchange 
of information and communication between divers, ships, remotely operated vehicles 
and autonomous underwater vehicles.  However, the optical waves for underwater 
communication are faced with some practical challenges. Study research shows that 
optical waves are rapidly absorbed in water, suspending particles and planktons, 
indirectly cause significant optical scattering which results to attenuation of optical 
transmitted signal. Hence there is a need to study how ocean composition affects the 
attenuation of optical composition in Deep Ocean and how chlorophyll profiles are 
used to determine regions with high attenuation. Most studies have considered the 
attenuation to be constant in Deep Ocean irrespective of depth. This project takes a 
look at the depth dependent optical attenuation in underwater wireless 
communication for wavelength ranging from (400-700 nm) and at different depth 
from 0-250 m based on chlorophyll concentration profile (S1-S9). In order to 
achieve this, a graphic user interface was designed using Matlab to simulate the 
optical attenuation for different wavelength and varying depths. The 3D Matlab 
simulation results show how the attenuation of light in Open Ocean can be 
determined using surface chlorophyll profile S1-S9.  The depths where high optical 
attenuation exists in the ocean are shown to be regions with deep chlorophyll 
maximum (DCM).  The results shows DCM regions for S1, S2, S3, S4, S5, S6, S7, 
S8, and S9 are 110, 90, 80, 60, 50, 30, 20, 15, 10 m respectively. This DCM region 
shows low specific chlorophyll absorption coefficients and high optical attenuations. 
The results also show that attenuation coefficient for under water optical 
communication systems vary with depth. 
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ABSTRAK 
Komunikasi optik tanpa wayar  di bawah air (UWOC) menarik minat lebih 
banyak penyelidikankesan daripada  peningkatan interaksi manusia dengan dunia 
bawah air. Teknologi UWOC dijangka akan memainkan peranan penting dalam 
kajian biologi marin, persekitaran laut, ramalan bencana alam, penemuan sumber 
asli, pengawasan dan pemantauan minyak laut dalam. Semua ini memerlukan 
pertukaran maklumat dan komunikasi antara penyelam, kapal, kenderaan kawalan 
jauh dan kenderaan dalam air berautonomi. Walau bagaimanapun, gelombang optik 
untuk komunikasi bawah laut berhadapan dengan pelbagai cabaran praktikal. Kajian 
menunjukkan bahawa gelombang optik boleh diserap dalam air dengan pantas, zarah 
dan plankton yang tergantung di dalam air menyebabkan serakan optik yang ketara. 
Hal ini menyebabkan, pengecilan isyarat dihantar oleh optik. Oleh itu, terhasilnya 
keperluan untuk mengkaji bagaimana komposisi lautan memberi kesan pengecilan 
komposisi optik di laut dalam dan bagaimana profil klorofil digunakan untuk 
menentukan kawasan-kawasan dengan jumlah pengecilan tinggi. Kebanyakan kajian 
telah mempertimbangkan pengecilansecara  malar di laut dalam tanpa mengira 
kedalaman. Projek ini mengfokuskan kedalaman laut menyebabkan pengecilan optik 
dalam komunikasi tanpa wayar di bawah air untuk gelombang di antara (400 
hingga700 nm) dan pada kedalaman yang berbeza iaitu 0 hingga 250 m berdasarkan 
profil kepekatan klorofil (S1-S9). Dalam usaha untuk mencapai matlamat ini, rekaan 
grafik direka khas menggunakan Matlab untuk mensimulasikan pengecilan optik 
bagi panjang gelombang dan kedalaman yang berbeza. Keputusan simulasi 3D 
Matlab menunjukkan bagaimana pengecilan cahaya di lautan terbuka boleh 
ditentukan dengan menggunakan permukaan  profil klorofil S1-S9. Kedalaman di 
mana pengecilan optik yang tinggi wujud di lautan telah dilihat sebagai kawasan 
yang mempunyai jumlah klorofil dalam (DCM) yang maksimum. Keputusan 
menunjukkan kawasan DCM untuk S1, S2, S3, S4, S5, S6, S7, S8, S9 dan 110, 90, 
80, 60, 50, 30, 20, 15, 10 m. Kawasan DCM ini  menunjukkan  bacaan penyerapan 
klorofil tertentu yang rendah  tertentu dan kadar pengecilan optik yang tinggi. 
Keputusan menunjukkan bahawa kadar pekali pengecilan di bawah sistem 
komunikasi optik air berbeza mengikut  kedalaman. 
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CHAPTER 1 
INTRODUCTION 
Introduction 
Optical wireless communication (OWC) involves the transmission of signal using 
visible, infrared or ultraviolet light. The application of OWC has been studied based 
on different ranges such as ultrashort range, short range, medium, long and ultra-long 
range. Medium range OWC is applied in under water application and it is an 
enabling technology for many scientific, environmental, commercial, safety and 
military applications. It has attracted growing interest from researchers due to the 
ability to support high data transmission in Deep Ocean and as a result of increased 
interaction of human with underwater world.  
UWOC technology is expected to play a prominent role in study of marine 
biology, ocean environment, prediction of natural disasters, discovery of natural 
resources, surveillance and monitoring of deep sea oil. All of this requires exchange 
of information and communication between divers, ships, remotely operated vehicles 
and autonomous underwater vehicles. The present technology of acoustic 
communication in underwater communication has been a common practice due to the 
intrinsic ability for sound wave to travel through water faster than in air with very 
little attenuation[2].  However, acoustic wave is limited in the bandwidth due to its 
frequency attenuation characteristics [3, 4]. As a result, acoustic communication 
cannot support high data rate and also high cost of manufacturing of portable 
equipment. Nevertheless to this end, optical wireless communication is considered a 
preferred choice to acoustic communication due to its limitations. Optical 
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communications generally benefit from much higher bandwidth at lower energy 
consumption rate, as well as a lower propagation delay because the speed of light is 
much faster than the speed of sound [5,6]. Although the use of optical waves for 
underwater communication is considered a promising technology for higher data rate 
transmission, it is faced with some practical challenges. Study shows that optical 
waves are rapidly absorbed in water, suspending particles and planktons, indirectly 
cause significant optical scattering which results to attenuation of optical transmitted 
signal. Hence research has been carried out to study the polarization behaviour, 
attenuation and scattering effect of light under water [7-9]. A simple block diagram 
of underwater communication adapted from [10, 11] is shown in Figure 1.1. It shows 
the relationship among the original source information, the transmitter, transmission 
medium, the receiver, and the received information at the destination. The channel in 
this case is ocean, salt water.  
 
 
Figure 1.1: Simplified block diagram of underwater optical link [9] 
1.2 Problem Statement 
Attenuation coefficient c(m
-1
) is an important factor that dictates at what distance the 
transmitting source becomes indistinguishable. Previous works have assumed the 
attenuation coefficient to be constant value throughout the communication link until 
recent research by [8]. It has shown that light propagation in an underwater 
environment encounters attenuation effect at different depth and wavelength. The 
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argument is that the composition of the ocean changes significantly with depth and 
hence the attenuation at different depth in water is most likely to change as well.  
Chlorophyll concentration at different depth influences different wavelengths 
of transmission and this is attracting lot of research interest. Study has shown that 
there is a relationship between attenuation coefficient and chlorophyll concentration, 
that is, areas with low chlorophyll have lower attenuation.  There is a need to 
investigate how chlorophyll concentration profile affects the magnitude of 
attenuation for communication links in underwater wireless communication. 
Furthermore, a simulation of the mathematical model that can help visualise the 
effect of attenuation based on different concentration of chlorophyll in underwater 
needs to be developed to enhance the level of understanding.  
1.3 Research Objectives 
Based on the mentioned problem statement, the objectives of this research are outline 
as follows: 
1. To investigate the attenuation of light is changed throughout the 
communication link at different depth level in underwater application.  
2. To simulate and analyse the effects of attenuation using the wavelength (400– 
700nm) and at different depth from 0-250 m based on chlorophyll 
concentration profile. 
3. To develop a graphical user interface for simulating attenuation in underwater 
optical wireless communication. 
1.4 Research Scope 
The scope of this research work is to study and understand through the literature 
review, basic principle and use of optical wireless communication for underwater 
application. Related work on estimation of chlorophyll profile based on different 
surface level profiles will be reviewed. In addition, the relationship between 
chlorophyll profile and attenuation and how it determines the depth-dependent 
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attenuation of light will be studied. From the studies, existing mathematical models 
for depth-dependent attenuation of light will be investigated. Matlab codes will be de 
written to simulate the attenuation of optical wireless communication in underwater 
with varying depth from 0- 250 meters and wavelength (400 – 700 nm). Analysis of 
the simulated result will be carried out and evaluation of the simulated results will be 
reported in this project report. A graphical user interface will be developed to allow 
for easy simulation and comparison in underwater wireless communications for 
absorption spectrum for underwater, typical profile for specific absorption by 
chlorophyll, depth dependent specific absorption by chlorophyll, depth dependent 
attenuation for different chlorophyll concentration profile and 3D view of depth 
dependent attenuation for wavelength (400-700 nm). In addition the GUI will be 
using selectable parameters such as the different chlorophyll profiles S1 – S9, and 
selection of different depth between 0 – 250 m. Besides that, there are other features 
such as clear button that can be used to delete a plotted graph, and extract data from 
plotted result in the graphical user interface by clicking on the plotted graph. 
1.5 Outline of Project Report 
    Chapter 2 discussed the literature review of this project.  Chapter 3 presents the 
methodology of this project. The operational frame work of the whole project was 
presented using a flow chart and different stages of the work were identified.  
Chapter 4 displays the result and some discussion of the simulated work. Finally 
Chapter 5 concluded this report and future works were suggested.   
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CHAPTER 2 
LITERATURE REVIEW 
2.1 Introduction 
In this section, a basic theory of attenuation in optical communication is explained. 
The causes of light attenuation in underwater are identified. In addition, different 
attenuation model are proposed from different literature will be reviewed.    
2.2 Basic theory of attenuation 
Light propagation has been studied in several literature in which absorption and 
scattering have been identified as the main causes of attenuation in  light propagation 
in underwater [12], [13]. These two processes depend on the wavelength of 
communication. The two processes are discussed in the following Subsection. 
2.2.1 Absorption 
The absorption as the spectral absorption coefficient, ( )a   which is the change in 
the beam of light due to the absorption by the medium (or things in the medium) per 
meter of path length. Absorption are as a result of biological factors which are 
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grouped by optical behaviours such as absorption of pure water and absorption by 
chlorophyll-a.  Chlorophyll-a, is the main substance that comprises of 
phytoplankton, a group of photosynthesizing microorganisms, and absorption by 
humic and fulvic acids, both of which act as nutrients for phytoplankton. 
The main intrinsic optical property (IOP) to model water absorption is 
spectral absorption coefficient ( )a  . The expression for ( )a  is as follows[8, 14]: 
0 .602
( ) ( ) exp( ) exp( ) ( )(C / )
o o o o
w f f f h h h c c c
a a a C k a C k a C          (2.0) 
Where 
w
a is pure water absorption coefficient the values for 
w
a  in Appendix 
A , 
o
f
a  is specific absorption coefficient of fulvic acid, 
o
h
a  is the specific absorption 
coefficient of humic acid, 
o
c
a  is the specific absorption coefficient of chlorophyll in 
m
−1
,Cf is the concentration of fulvic acid in mg∕m
3
,Ch is the concentration of humic 
acid in mg∕m3;Cc is the concentration of chlorophyll-a in mg∕m
3
(Cc
0
 =1 mg/m
3
); 
f
k
 
is 
the fulvic acid exponential coefficient , 
h
k  is the humic acid exponential coefficient . 
2.2.2 Scattering 
Scattering as defined in [1] refers to the deflection of light from the original path, 
which can be caused by particles of size comparable to λ (diffraction), or by 
particulate matters with refraction index different from that of the water (refraction). 
Figure 2.1 gives an illustration of absorbed and scattered light when light 
propagation encounters a particle in water.  
 
 
Figure 2.1: Light propagation when encountering a particle in water [1].  
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The spectral volume scattering function (VSF) is use as the main IOP to 
model scattering in water. The VSF is expressed as β (Ψ, λ) and it is the fraction of 
the incident power scattered out of the beam through an angle Ψ within a solid angle 
ΔΩ centred on Ψ. From [8, 14, 15], the integral of the VSF gives the scattering 
coefficient b(λ) as expressed as follow: 
 ( ) ( ) ( ) ( )
o o
w s s l l
b b b C b C       (2.1) 
 
Where 
w
b  is the pure water scattering coefficient in 1m   , 
o
s
b  is the scattering 
coefficient for small particulate matter in 
2
/m g  , 
o
l
b  is the scattering coefficient for 
large particulate matter in 
2
/m g , 
s
C  is the concentration of small particles in 
3
/g m   and 
l
C  is the concentration of large particles in 
3
/g m
.   
 
 
2.2.3 Attenuation 
 
 
The attenuation coefficient of optical signal is determined using Beer’s law for a 
distance d as shown: 
 
( )c d
o
I I e

  (2.2) 
Where ( )c  is the extinction coefficient and is expressed as follows:- 
 ( ) ( ) ( )c a b     (2.3) 
The units of ( )c  , ( )a  and ( )b  are measured m
-1
and   is the vacuum 
wavelength of light in (nm). ( )a   and ( )b   are absorption and scattering 
respectively as expressed in equation 2.0 and equation 2.1.  
8 
 
2.3    Water types  
There are four major water types that have been considered in the literature[16, 17] 
and discussed in [1]. The following water types are outlined as follows:  
 Pure sea waters like in Deep Ocean: absorption is the main limiting factor. The 
low scattering coefficient and the forward angle scattering make the beam 
propagate approximately in a straight line.   
 Clear ocean waters: There is a higher concentration of dissolved particles that 
affect scattering. 
 Costal ocean waters: They have a much higher concentration of planktonic 
matters, detritus and mineral components that affect absorption and scattering. 
 Turbid harbour and estuary waters: they have a very high concentration of 
dissolved and in-suspension matters that make them especially constraining for 
optical propagation. 
Each of the water type is associated with different absorption, scattering and 
attenuation coefficient.  
2.4 Colours of visible light spectrum 
Electromagnetic radiation is characterized by its wavelength and its intensity. 
When the wavelength is within the visible spectrum it is known as visible light. The 
colours of the visible light spectrum are shown in the Table 2.1. The respective 
wavelength measured in nanometres (nm) for the pure spectral colours are presented. 
In optical communication wavelength values are referred to using the wavelength 
values or the visible colours.  
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Table 2.1:  Colours of visible light spectrum   
Colour Wavelength (nm) 
Red 700 – 635 
Orange 635 – 590 
Yellow 590 – 560 
Green 560 – 520 
Cyan 520 – 490 
Blue 490 – 450 
Violet 450 – 400 
 
2.5 Chlorophyll depth profile 
Near-surface Chlorophyll distribution in ocean is monitored by NASA sea-viewing 
wide field-of-view sensor. It uses observation and quantification of ocean colour to 
determine the concentration [18].  Chlorophyll-a is considered the main substance 
that comprises a group of microscopic organisms known as phytoplankton 
(photosynthesizing organisms).They inhabit only those parts of the ocean where 
sunlight can propagate, known as the photic or euphotic zone as shown in Figure 2.2. 
The chlorophyll concentration is reduced below the photic zone due to the lower 
level of sunlight.  
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Figure 2.2: Typical conditions in the subtropical ocean, as indicated by data 
collected at the Bermuda Atlantic Time-series Station in July, 2008.[19] 
 
The application of chlorophyll depth profile in biological productivity of the 
ocean has allowed for thorough investigations of chlorophyll concentration in Deep 
Ocean[19]. Chlorophyll profile is significant to underwater communication link and 
a relationship has been determined between attenuation coefficient and chlorophyll 
concentration. The chlorophyll profile over a depth z(m) from the surface as 
discussed in [20] can be modelled using Gaussian  curve and numeric parameters as 
shown follows: 
 
2
m a x
2
( )
( ) e x p
22
c o
z zh
C z B S z
 
  
    
 
’ (2.4) 
 
where 
O
B  is the background chlorophyll concentration on the surface, S is 
the vertical gradient of concentration, which is always negative due to the slow 
decrease in chlorophyll concentration with depth, h  is the total chlorophyll above the 
background levels, and m a xz  is the depth of the deep chlorophyll maximum  (DCM). 
The DCM is the region between the sunlit and dark region of the ocean. In 
this region is the optimal balance of light and nutrients and which occur at a depth 
typically between 20m and 120m, depending on the surface concentration of 
chlorophyll. The values of chlorophyll profile can be easily obtained using the values 
in the S1–S9 chlorophyll concentration profiles as shown in Table 2.2.  For areas 
with low surface chlorophyll concentration such as S1-S5 chlorophyll profile where 
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the chlorophyll is less than 0.3 mg/m
3
 the DCM occurs between 60 and 120m, 
whereas in areas of high surface chlorophyll concentration, the DCM appears at a 
depth between 10 and 40m. This is due to the fact that high chlorophyll level at the 
surface limits the depth that sun light can penetrate and this reduces the 
phytoplankton and the chlorophyll levels in Deep Ocean.  
 
Table 2.2: Parameter values for S1-S9 Chlorophyll concentration profiles [21] 
 
 
 
Table 2.2 shows the S1-S9 chlorophyll concentration profiles for nine groups 
that represent ocean locations and corresponding parameters to calculate chlorophyll 
profile in equation 2.4.    
The standard deviation  is calculated using equation as follows: 
 
m ax m ax
2 [ ( ) ]
ch l o
h
C z B S z



 
’  (2.5) 
 where 
O
B  is the background chlorophyll concentration on the surface, S is the 
vertical gradient of concentration, which is always negative due to the slow decrease 
in chlorophyll concentration with depth, h  is the total chlorophyll above the 
background levels, and m a xz  is the depth of the deep chlorophyll maximum  (DCM), 
c h l
C  is the surface chlorophyll concentrations represented by S1-S9, respectively in 
Table 2.2. 
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Figure 2.3: Illustration of chlorophyll profile 
 
Typical chlorophyll concentration levels for open-ocean is shown to fall 
between the range of 0.01- 4.0mg/m
3
 and near-shore levels may be up to 60mg/m
3
[8] 
as shown in Figure 2.3. The ideal wavelengths of transmission (at either 430, 490 
and 530nm) for different depths. Areas with high surface chlorophyll experience a 
higher peak, where green or even yellow is the appropriate wavelength for 
transmission but this quickly falls to the chlorophyll-free area with transmission of 
430nm.Areas with high surface profile limit the depth that sunlight can penetrate 
thereby reducing number of phytoplankton and chlorophyll level in deep water. On 
the other hand, places with a low surface chlorophyll level take far longer to reach a 
near-zero chlorophyll level.  
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2.6 Mathematical Model for Optical Attenuation with Depth in Ocean 
Water 
 
The depth-dependent attenuation of light in ocean water is determined using the 
chlorophyll-attenuation relationships that were quantified based on the depth-
dependent chlorophyll profiles. From equations 2.0 and 2.1, the chlorophyll-
dependent of absorption and scattering is given [8] and expressed in equation 2.6 and 
2.8 respectively.   
  
0 .6 0 2
( , ) ( ) ex p ( ) C ( ) ex p ( ) C ( ) ( , ) ( )
o o o
w f f f h h h c c
a z a a k z a k z a z C z          (2.6) 
 ( , ) ( ) ( ) ( ) ( ) ( )
o o
w s s l l
b z b b C z b C z      , (2.7) 
 
Where ( )
f
C z  , ( )
h
C z  and ( )
s
C z  , ( )
l
C z  are the depth dependent profiles of 
fulvic and humic acid and small and large particles respectively.  
 
Attenuation of chlorophyll depth dependent is expressed as follows:- 
 
( )
a ( , ) ( ) C ( )
o B
c c
z A z

 

  (2.8)
 
Where A and B represent empirical constant. 
 
From (2.6) – (2.8), the attenuation profile with varying depth is as follows 
 
 ( , ) ( , ) ( , )c z a z b z     (2.9) 
  
2.7 Previous Research Work 
In this section, a review of related work on underwater optical wireless 
communication is presented.  
Several studies have been carried out related to underwater optical wireless 
communications [1, 5, 8 , 16, 22, 23]. In most of these studies, it is assumed that the 
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attenuation coefficient which determines at what distance the transmitting source 
becomes indistinguishable is a constant value throughout the communication link. 
For instance Giles and Bankman[22], attenuation was categorized based on types of 
water without considering the ocean composition such as chlorophyll. Results 
obtained are shown in Figure 2.4 for operation different distance at various depths 
and water types. The drawback attenuation varies at different depth in water. As a 
result, a study on depth dependent variation in attenuation coefficient for light in the 
ocean was carried out in [8]. Johnson et.al[8] showed that chlorophyll-a 
concentration CC and experimentally-determined Gaussian chlorophyll-depth 
profiles can be combined with satellite surface-chlorophyll data to quantify the 
attenuation between any two locations in the ocean. The work was limited to vertical 
link communication without considering the refractive index changes with depth of 
ocean water as shown in Figure 2.5. 
 
 
Figure 2.4:  Variation in distance using different water types and varying depths[22] 
 
Channel modelling for underwater optical channels was considered by 
Gabriel et. al[1]. The underwater optical channel characteristic was obtained by 
taking into consideration different water conditions, link distance and transmitter and 
receiver parameters. The results obtained showed that for working distance of 50 
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min clear water, the channel time dispersion is negligible for transmission rate of 
1Gbps.  
 
 
 
 
 
Figure 2.5: Attenuation coefficient variation at different depth  and wavelength  [8] 
 
 
The performance evaluation of short range underwater  optical wireless 
communications for different ocean type was studied by Rashed and Sharshar[23]. 
The paper focused on construction an underwater link budget which includes the 
effects of scattering and absorption of realistic ocean water. It has shown that the 
amount of light transmitted in underwater is affected by attenuation parameters with 
time and location as illustrated in the block diagram in Figure 2.6. The result from 
the study shows that pure ocean water presented the highest signal to noise ratio and 
lowest bit error compared to other ocean water types under same operation 
considerations. The authors Han et. al[5] proposed combination of the use of 
acoustic and optical solution in order to overcome the bandwidth limitation  of 
acoustic channel by enabling optical communication with the help of acoustic-
assisted alignment between optical transmitters and receivers.   
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Figure 2.6: Schematic view of total attenuation in sea water [23] 
 
 
The block diagram in Figure 2.6 shows the parameters that affect the 
underwater optical wireless communication transmission system. The chlorophyll 
concentration,  Humic acid concentration and fulvic acid concentration are biological 
factors that causes absorption. The large particle and small particle are biological 
factors that influence the scattering of the spectra. Scattering coefficients determines 
are obtained from statistical distribution and scattering strength. The combination of 
the attenuation caused by absorption and scattering determines the total attenuation 
in the UOWC system 
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Table 2.3: Comparison of related works 
 
Ref Method Advantages    disadvantages  
 
 
 
 
 
 
 
 
[23] 
 
Used optical attenuation 
for different ocean type-
pure water, clean ocean, 
costal water and turbid. 
Easy way to determine the 
attenuation in power transmitted 
signal power, bandwidth and 
bit rates. 
 
 
Constant attenuation 
is assumed in vertical 
depth which gives 
inaccurate result. 
[
[8] 
Use of chlorophyll profile 
to determine depth 
attenuation profile. 
Shows how attenuation can 
be determine by composition 
of open ocean surface 
chlorophyll. 
Requires more 
calculation to 
determine attenuation 
in transmitted power in 
deep ocean due to 
variation of attenuation 
with depth. 
[
[22] 
Categorized attenuation 
coefficient based on water 
type. 
Easy way to determine the 
attenuation when different 
water type is considered. 
Results can be less 
accurate due to 
different ocean 
composition. 
  
[
[1] 
Studied effect of typical 
coefficient constant values 
for different water types 
on optical beam. 
Simple method to study the 
effect of attenuation on 
receiver intensity based 
on distance. 
Results can be 
inaccurate at different 
depth in water as the 
attenuation changes 
with depth rather than 
been constant 
 
 
 
 
 
 
 [
[5] 
Considered the effect of 
attenuation based on 
different water types 
Simple method to study the 
effect of attenuation on 
receiver intensity based 
on distance 
Results can be 
inaccurate at different 
depth in water as the 
attenuation changes 
with depth rather than 
been constant 
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2.8 Summary 
 
In this chapter, the basic theory of attenuation in underwater optical communication 
has been discussed which are absorption and scattering. The chlorophyll depth 
profile and mathematical model for optical attenuation are also discussed. In 
addition, previous related work was presented.  
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CHAPTER 3 
METHODOLOGY 
3.1 Introduction 
The steps for carrying out this project are discussed in this section and the operational 
frame work for the project is shown using a flow chart, in Figure 3.1. 
A thorough study of related literatures on attenuation in underwater wireless 
communication with a focus on how chlorophyll profile relates to attenuation profile 
at various depth and wavelength was carried out. Relevant literatures were reviewed 
in Chapter 2 to highlight the trend of work and research direction relating to depth 
dependent attenuation of light. A study on the basic theory of optical attenuation was 
conducted, followed by study of different chlorophyll-concentration depth profiles 
and associated mathematical models. In addition, the significance of chlorophyll 
profile for underwater application was studied and analysed based on published work. 
The determination of depth-dependent attenuation of light based on relationship of 
chlorophyll and attenuation profile shall be investigated through published works.   
From the mathematical models discussed in Chapter 2, Literature Review, a 
Matlab code was developed to simulate the optical attenuation at different depths 
using different wavelength as shown in Section 3.3 of this chapter.  A graphical user 
interface was developed to allow for easy simulation and comparison using selectable 
parameters as shown in Figure 3.4. 
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3.2 Project flow chart 
 
Literature 
review 
 Basic theory of attenuation 
 Causes of attenuation in 
underwater 
 Chlorophyll profile and 
attenuation profile 
 Write   Matlab codes
 Design Graphic user 
interface  
Mathematical 
models of 
attenuation 
Simulation 
Performance 
analysis 
End 
Stage 1
Stage 2
Stage 3
Stage 4
 Attenuation at different 
depth for different 
Cholorophyll profile
 Attenuation at deep 
chlorophyll maximum 
(DCM)
Thesis write 
up 
Start
 
Figure 3.1: Flow chart of the project operational frame work 
3.3 Simulation 
The process of developing simulation platform for this project can be divided 
into two parts which are as follows: 
1. Developing  MATLAB functions for equations (2.3-2.8) using function 
script file 
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2. Developing a graphic user interface using the  Guide Toolbox  
3.3.1 Developing MATLAB functions   
In this process, first the mathematical equations, constants and variable 
parameters required to compute the attenuation coefficient at different depth and 
wavelength has been identified. The steps in computing the equations (2.3) to (2.8) in 
Chapter 2 are described as follows: 
Step 1: compute absorption spectra ( )a  using the equation (2.6) as follow: 
 
0 .6 0 2
( , ) ( ) ex p ( ) C ( ) ex p ( ) C ( ) ( , ) ( )
o o o
w f f f h h h c c
a z a a k z a k z a z C z         
The following constant parameters have been identified as defined in [8] 
 
a) Define the constant parameters 
2
35 .959 /
o
f
a m m g  - Specific absorption coefficient of fulvic acid  
2
1 8 .8 2 8 /
o
h
a m m g - Specific absorption coefficient of humic acid 
1
0 .0189
f
k nm

 - Fulvic acid exponential coefficient 
1
0 .0 1 1 0 5
h
k n m

  - Humic acid exponential coefficient 
 
b) Define the variable parameters 
z  - Depth of ocean as a global variable  
  - Wave length as a global variable  
 
c) From equation 2.6 ( )
c
c z  is computed   using equation 2.4 as follows: 
2
m a x
2
( )
( ) e x p
22
c o
z zh
C z B S z
 
  
    
 
 
The values of 
m a x
, , ,
o
B S h z  will be obtained for corresponding values 
of z in Table 2.2. S1-S9 chlorophyll profile 
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A sub-function will be created to compute the value of the standard 
deviation   using equation 2.5 as follows:- 
m ax m ax
2 [ ( ) ]
ch l o
h
C z B S z



 
 
 The values of m a x m a x( ) , h , S , zc h lC z  will be obtained for corresponding 
values of z in Table2.2. S1-S9 chlorophyll profile 
d) Write the function to compute ( , )
o
c
a z  using equation 2.8 as follows: 
( )
a ( , ) ( ) C ( )
o B
c c
z A z

 

  
The values of ( )A  and ( )B   is obtained from [24] using the table in 
Appendix B. 
Step 2: compute scattering spectra b ( , )z  using the equation 2.7 as follow:- 
( , ) ( ) ( ) ( ) ( ) ( )
o o
w s s l l
b z b b C z b C z       
 
a) Compute 
( )
l
C z
 and 
( )
s
C z
 using the following equations  
( ) 0 .0 1 7 3 9 ( ) e x p (0 .1 1 6 3 1 (z ))
l c c
C z C z C              (3.1) 
( ) 0 .0 1 7 3 9 ( ) e x p (0 .1 1 6 3 1 ( ))
s c c
C z C z C z       (3.2) 
Where ( )cC z  is computed using the step 1 (c).  
b) Compute the ( , )wb z  pure water scattering coefficient  using the equation 
as follow :- 
4 .3 2 2
( ) 0 .0 0 5 8 2 6 ( 4 0 0 / )
w
b       (3.3) 
c)  Compute the ( )
o
s
b  using the equation as follows:- 
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1 .7
( ) 1 .1 5 1 3 ( 4 0 0 / )
o
s
b        (3.4) 
d) Finally compute ( , )b z  
( , ) ( ) ( ) ( ) ( ) ( )
o o
w s s l l
b z b b C z b C z       
Step 3: compute attenuation coefficient c( , ) a ( , z ) b ( , z )z     
Step 4: plot the graph of ( , z )c   at different values of 4 0 0 7 0 0 n m   and 
0 250z m   
 
The steps (1 to 4) above are illustrated using a flow chart as shown in Figure 3.2. 
 
Figure 3.2: Flow chart for mathematical computation for undersea optical wireless. 
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For each of the step, MATLAB user defined function will be created to 
perform the computation using MATLAB commands.  An example of a MATLAB 
function to compute the absorption spectra ( )a   is shown as follows: 
function [absorption_result] = absorption_spectra(aw, af,k,cf,ch,ac,lamda,z,cz ) 
% the function absorption_spectra computes the absorption coefficient  
% input arguments are - aw, af, k, cf, ch ,ac ,lamda, z, cz 
%output argument is absorption_result 
 
% computation of equation 2.6 
absorption_result = aw+af*exp (-k*lamda)*cf+ah*exp (-k*lamda)*ch+ac*cz; 
end 
The functions created will be called in the GUI for computation and the 
results will be displayed in the GUI.  
 
 
3.3.2 Developing MATLAB functions for UWOC 
 
 
 
Figure 3.3: Top down design of Matlab functions 
